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This invention relates to method and rqeans for pre- 
c ipitating particulate or molecular materials such as paint, 
'T5aint pigments, ink, lacquer, wax^ resins, emulsions of 15 
various types, oils, dyes, gumsT solutions and the like. 1 
The materia ls to he precipitated include any materials dis- 
perse JhTnon-polar liquids or liquids of substantially non- 
polar character or liquids or relatively high volume re- 
sistivity including the alcohols, hydrocarbons, chlorinated 20 
hydrocarbons, fluorinated hydrocarbons, cylic hydrocar- 
bons, ketones and the like. 

Further, this invention relates to precipitation of ma- 
terials of physical means which is effected in a bath or 
container of electrically insulating liquid or dispersion of 25 
particles, colloids, emulsions, solutions, large molecules, 
emulsoids or gas in such a liquid as opposed to the 
chemical deposition or electrostatic deposition by applied 
electrical fields used in prior methods of precipitating ma- 
terials from a bath. 

Previously, particulate materials have been partly or 
completely, according to the degree of fineness, removed 
or precipitated from such suspensions, colloids and the 
like by the. application of substantial contrifugal forces 
in centrifuges and ultra-centrifuges, but it is well known 
that with very fine suspensions particularly those peptised 
by resinous' matter and the like, precipitation is very dif- 
ficult and sometimes is not fully achieved. We have pro- 
posed to precipitate materials for many purposes by the 
application of electrical fields through the bath, and in a 40 
further application special direction is made to the de- 
velopment of electrostatic images, the electrostatic charges 
on an electro-photographic plate causing the precipita- 
tion of colouring matter in a liquid to render the image 
visible to the eye. In physical precipitation by centrifu- 45 
gal means and the like, there is the major disadvantage 
that with very finely divided materials, or in cases where 
the suspended matter is of low specific gravity, or where 
both conditions apply, the precipitation is often not com- 
plete and this may be" a serious problem in an industrial 60 
process or in a chemical analysis. 

In electrostatic deposition from a' bath it /may be de- 
sired to produce agglomeration or- to increase the yield 
of "deposition for a given applied electrical field. - .In elec- 
tro-photography it may be desired to produce a heavier 65 
deposit for a given electrostatic image charge. Accord- 
ingly it is the object of the present invention to precipi- 
tate materials with greater efficiency than heretofore pos- 
sible and to deposit a greater variety or- a greater- quan- 
tity, of material and to arrange precipitation so that effec- .60 
live control is exerted over the amount deposited by con- 
trolling the weight,' concentration and physical proper- 
ties of the added precipitator particles. 
Id general the invention comprises the utilization of 
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pension or solution composed of any selected material 
which may be of high or low specific gravity, with un- 
covered particles or particles covered with a control agent 
which imparts or controls the necessary electrical charge 
on the particle, so that it will properly physically react 
with the material to be precipitated while not affecting 
the chemical or physical structure of the suspending 
liquid. 

Trie principles underlying the invention are that a bath 
of particulate or molecular material contained in a semi- 
conducting liquid or an insulating liquid matrix com- 
prises a dispersion of physical electric charges associ- 
ated with each particle and generated by contact electri- 
fication between the particles and ithe liquid and between 
particle and particle. The suspension, colloid, or solu- 
tion is stable because of the repulsion of the like charges 
on the particles, that is the ionic atmosphere around 
them. A condition of instability may be produced by 
introducing particles of opposite polarity and equal or 
nearly equal magnitude following which precipitation will 
occur either automatically or when assisted or triggered 
by a small charge for example on an electro-photographic 
plate, or by a small triggering charge from a pair of elec- 
trodes immersed in the bath or by a small addition of an 
electrolyte. 

This invention thus comprises the method of precipi- 
tating particulate or molecular materials which comprise 
placing the suspension to be precipitated in a bath of 
electrically insulating liquid, and subjecting the suspen- 
sion to further particulate or molecular materials carry- 
ing electrostatic charges of different polarity. 

It will be appreciated that the precipitation depends 
in the first instance on the interesting ' phase boundary 
phenomena which occur when one of the phases in con- 
tact is an electrical semi-conductor or an insulator and the 
other consists of solid particles, colloids, liquid particles 
or globules, that is emulsions, gas pockets and the like. 
By contact electrification the particles acquire a charge 
of single polarity which may be tested by the applica- 
tion of an electrical field within the liquid and observ- 
ing the pole on which they deposit. Particles of oppo- 
site polarity may be introduced to balance the charge 
on the first particle and these are attracted to it; there 
remains the net small charge associated with the agglom- 
erated particles which may be readily gravitated or elec- 
trically seeded out of suspension. As the magnitude and 
polarity of the charge, on the particles relates to surface 
properties it is clear that any agent such as a resin or 
the like may. be used to pre-condition or control the 
charge, further that the extent to which the particles are 
seeded out of suspension depends on the properties of 
the particle-resin-oil combination. Further seeding or 
triggering of suspensions may be assisted by means in 
which other physical properties of the particles are 
used such magnetic properties in order to cause addi- 
tional agglomeration. 

It will be appreciated that the materials used for carry- 
ing out the invention can of course be widely varied and 
that the materials used for s eeding suspensions can in- 
clude all p article s, r esins , oils, waxes, dyes, gums,- pig- 
ments and the like whiph calTbe cHspersecrin liquids "of 
substantially, non-polar character or initially dissolved in 
liquids of polar character miscible with non-polar liquids. 
In order that the invention will be better understood, 



a particulate or molecular material consisting of a sus- 65 reference will now be made to certain embodiments of 
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the invention which will be described with reference to . - The, particles 4 are caused to W injected continuously 
^^P^S ^mngs in wh!ch: . . into the area and to couple up with the particles 1 5 o 

■ : P^^f^JW^ • . • . f / . . causing. an agglomeration, following which "the . agglom-" 

■ ! haws m /?&* fo ™ principle involved, .. . erate is removed .from the liquid by means of the filter 7 
TBtn^Jtu*** i-* 0 * pr ? CeSS a l^ pUed in appa ' 5 . In FIG. 4 there is 'shown an embodiment of the in- 
n ^^ b ^^ to ^«P«te»?.«nd;:.-.. : ventibn in which-the particles.l and.and liquid 2 ar e : con- 
h ff t^* 0WS contmu 9 us Vnnimg of a web can . mined- in the. vessel 3 and the particles 4 and liquid 2 

'^vrni u *u • 1 : ^ . -V are. contained in the vessel 5 and the two are mixed in 

. FIG. 1 shows the simplest method of -practising the the vessel 10 through the.outiets S and 9 and by means of 
invention in which it is desired to precipitate- the particles. i0 the agitator 11, following which theV leave 'through the 
1 which are in suspension in the liquid 2 contained in outlet 12 and are filtered out by the filter or centrifuge 7 
the yesse 3; these. pamcles^eing of small size for ex- . In. FIG. 5 is shown an embodiment of the invention, 
ample able to pass through -filter paper. Another series in, which the particles 1 and the liquid 2 are moving as 
of parties 4 whicft have the opposite polarity when in.FIG. 3 but precipitation is achieved by the injection 
suspended in liquid .2 are introduced m powder form or 15 of charges from electrodes : 14. and- 15 which' may be 1 
as a suspension in liquid . 2 or in another liquid compatible hollow to be identical with the outlet 8 and also inject 
with liquid 2 from another vessel 5. Assuming that the particles 4 which are -given extra charges by the applied 
.magnitude -of the charge on the particles -4 equals that : electric field between 14 and lflf. • 
on particles 1. although of opposite polarity, or .. alter- .. . The embodiment shown in FIG. 6 shows a. roller 17. 
natively if the sum of the charges on particles 4 intro- 2 0 which revolves about its axis 18 and is contacted by a 
duced is equal, then an iso-electnc point : ;is reached at web 19 of a photo-conductor paper or the like on which 
which precipitation ^occurs, or is Mely.to occur: . For. .an electrostatic pattern/has been/formed in the known 
&e. prestation to be complete the two groups of par- . manner, the absorbent surface 20 of : the roller 17 being 
tides must be mixed in certain, proportions- within rather ■ ;. fed With : liquid - developer from the two vessels 3 and 5/ 
■ narrow limits. The optimum is reached- when the pro- 2 5 .the vessel 3 containing, the liquid . 2 with the developerv: 
portions are just sufficient to produce uncharged masses, particles 1,/the vessel .-5 containing the particles .4' a£ 
which coalesce and undergo precipitation. . . opposite polarity; . ■ 

The resultant m|xture. ; may beused to develop an elec- The particles 1 and 4 combine at the zone 21 and "are 
(^photographic plate 6 if there is. a small residual charge . transferred to the web at the zones 22 where theelectro- 
or .the aggregate . may "be collected in a filter . 7. . ' 30 . static charge, attracts the compound particles. . . ■ 

Control -is achieved by means of the balance between : :~ At theiotfes- 23, whic'h are not receptive.of the particles, 
. .5J£f ^ eS l . •••• ..*"..; v 'i ■'.■■-.■*' the particles remain in the absorbent surface of the rbUer 

"* I- * S • tr, Sg ered developer may act ac :. , 20 as indicated by^the zones 24, being thus carried away 
cordmg to this invention. . . . \ . . . :from me web at this locality. Surplus developer ispushed 

Supposing that the particle A has a positive charge of 35 along on the web 19 before the roller 17 as indicated 
a certain magnitude and the particle B has been attracted : at '25. ' - 

;^eto fcccause it has a negative charge, now/if the :/ 1 The fdildwihg examples of material compositions and 
charge of the particle B. is of a lesser value than that of the liquids in Which they may be dispersed and so ag- 
the particle A, the compound particle will be attracted . glomerated will serve to illustrate the invention, 
to the negatively charged .area of the L electrostatic image .40 • - : .. 

on the photo plate C and is held thereon. " S EXAMPLfi 1 : ' \/-' : 

Supposing the charge of the plate C has .me. same a •- * \* -' : ' ■' - ■ ■ * w -'. -;- 

Value as the charge on the particle A, the charge on the " i,^^P°^° n ^ 1h ! f P" 0 wing propbrUons .dis- 
plate C will not now be satisfied; by the charge of the . m the ^ car *> on /tetrachloride: 

•compound particle and a second compound particle may w li • t n > : GramS: 

be attracted thereto.; Even if this is. not soothe physical 46 S^ /5 ° ™"^"--^r--~r-^rr--~ W : 

Jsize of me compound particle AB ; will ; stiil *e greater : T: . r ~ r ;- 13.0. - 

/than the particle. A and a greater- number of particles. - ^ 

. can thus be deposited oh a given charged area; .. : !*f**?f*: r'^^^-^r^^^^-^ 0.5 
.' In this way. supposirigjthe desired 'color pigmenioi 1 . : \ "^"^"■^^"~ r """^ T *"-T-----^-r-r~ 
the developer has; a strongly^ positive charge and an in- ; 60 . -T^e material is ball irill for" eignV :; 
effective number of . such particles could therefore ; be hours. . . v ; ! ; i 

accepted by the electrostatic image, if now such. particles .. ^.e.resin; , ■M6derle.L9/50 ,^ . is a trademark ifor a lin^ 
had attached to them further particles/having, a negative - seed oil modified alkyd resin of -the oxidising fype iaving 
•charge, of lesser magnitude, the resultant" effective positive *n oil length of 40%; acid-value of 25-^3 5> and a specific ' 
charge, vyill thereby he . reduced . and when such : a -cbrnv 55' gravity at 20?- : G. . of 0:98 to 039, After mixing the 
pound particle is directed to and accepted by/a charged - above , paste is dispersed in 100 grams of - carbon tetra- 
■surface xlurmg electrostatic developement, . it neutralises chloride and becomes "-'the, basis, for the particles 1 and 
a.lesser amount of the charge of me ima^e:and : ;theref6re the liquid vehicle 2 ^ which in this case aWdpntains controi 
•obviously a greater number of such, compound particles : -and" fixing agents, ^ as -taught . in previous applications ; by 
xan^be accepted and;held byit. . : 6b Resent; inVehtprs^ To secure agglbmeration - or- 

■By; controlling the relative maghitudes : of the two ; greater/yield of .particles in electro-phbtogriphic - process- ' 
^oupings-ot pa^ . ing .there is . added tb the above ^dispersion ^anothef dis- " ; 

.the character of the ..compound; paf tides: and it-wni/be . " ,P?«ion of barium- sulphate milled with "h'ns'eed oil rung' ' 
iinderstood that., with : particles •of Opposite. ; polarity; .as"/ jhempseed oil or.ttie like and dispersed in tetrachloride ■ 
long as the two particles differ in the magnitude bf-ttieir 65- . -- V.- .\ r .: , - v * 

charge; a conipbund particlexari be formed -wmch will ? : " -J E^MPLE-l 1 .^ :c ^'- *. : -ir' 

:^.Ha^ ffl e^^^ i„.: ; ^mm^^m^ ^ 

.vention m which;;the -.precipitation is carried.out cohtinu-' ro 'V -\ ■ " ■•* « c Yfipper suspension. . .. .. . .. 

ously.. The particles .1; contained iri^the liquid- 2 are : Penta^ol -W'--'-" ''-^'^ ' - " v •-^ r anis .;; : 
.caused to; be passed thrpujgh me; cylindrical or tubular. .- : :Rhbdehe L^/^~^ r "' - "S"""^ r %r-^ ^f /;. 
member .3 past an ^ area underlyinfE .the: outiet.8 from/the^ I^'sis- A : - v" r "^*'""""r"--'? 5 
vessel- S.containing the particles 4 in ; me hquidi or some ^bon : liiS J ""V"" r *""v:"*"" J vr7^- 
ot^erliquul compatible with^ . / - 
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Pcntarol 20 is a trademark for a phenol modified pen- suspension in paint, for such purposes as the analysis 
ta-erythritol ester of rosin. Acid value 7-15, specific . of paint where removal of the materials is difficult 

gravity at 20° C. 1.09, melting, range 110-120° C. even with centrifugal means. The paint is in most 

The pentarol 20 is digested in Fusis A (heat to 450° . cases diluted 10 times by volume for this purpose with 
F. unitil dissolved) and when solution is complete the 5 a solvent such as carbon tetrachloride or the like. In 
Rhodene L6/100 is added. The pigment is then mixed this invention there is added to the diluted paint a 
with the resins and blended either in a ball mill or triple large measured amount of an inert inorganic material 
roll mill untii mixing is complete and pigment particle such as talc, which in most solvents acquires a negative 
size is reduced to the desired fineness, such as 0.5 micron. charge, and the mixture is vigorously agitated until 
Milling for 8 hours in a ball mill should be found suffi- 10 precipitation takes place on standing, 
cient. The paste so formed is dispersed in a liquid of (b) Accelera{ed or Triggered Development 
high volume restmty such as petroleum naptha for ex- 
ample liquids known by the trademarks "Shellite," "Mo- The invention has application to the production of 
bilite" and the like. To secure agglomeration or pre- thick deposits and intense colours in development of 
cipitation, or a greater yield in electro-photographic de- 15 electro-photographs. As said, in Example 2, by the mix- 
velopment, there is added to this suspension a dispersion tu * e °f two pigments, one comprising a mixture of pig- 
of monolite red pigment prepared in a similar manner, ments of both polarities, and the other a single strongly 
in the proportion 1 is to 20 parts by volume. developing pigment, together with their control and fix- 
pvampt P * * ng a S ents » tnere * s caused to be deposited on the electro- 
tsAAMFLJ} 3 20 photographic image a greater yield of particles for a giv- 

An enamel composition of the following proportions en charge on the plate or paper. For example, it is a 

is dispersed in the liquid toluene after compounding: matter of difficulty in ordinary printing or in "dry" 

Parts by wt. xerography to secure a strong black, but by means of 

RCI 5035 toluidine red 67 0 ^ e P resent invention there is readily secured a series 

"P_786-50 Beckosol" 134 0 25 of intense hlacks such as blue black, red black, yellow 

Xylol " 101 0 black, brown black, and the like. 

Grind in a ball mill and add: (c) Removal of Carbon, Sludge and Other Impurities 

Parts by wt. From Dirty Oil 

"P-786-50 Beckosol".. 41^.0 30 In & way ^ 3^,^ has application to the 

TfTfV; " rs ccx removal of carbon, sludge and the like from dirty engine 

6% cobalt Nuodex — 2.50 dl of golvents f<jr purposeg of reclaiming th e oil or 

"Beckosol P-786-50" and "Nuodex" are trademarks solvent. To the oil is added a substantial measured quan- 

for epoxy ester resin and cobalt napthenate respectively. tity of an inorganic powdered salt or other inert powder 
P-786-50 Beckosol is a short oil modified epoxy ester 35 such as talc, barium sulphate and the like which are 

resin, oil length 42%, type of oil dehydrated castor, acid found to have a negative charge when dispersed in the 

value 1-3, specific gravity 0.95O-0.960. "Nuodex" is co- oil solvent. 

balt-napthenate. The mixture is continuously agitated for a suitable 

. To produce precipitation of the solid content of the period to ensure full dispersion of the triggering agent 
enamel there is added petroleum naptha containing talc 4 and then allowed to settle or passed through a filter. 

50 percent by weight in the proportion 1 part by weight , 

to 10 parts by weight of the enamel composition. W Blending of Powdered Materials and the Like 

^ For Dry Developers 
EXAMPLE 4 

su ph.de ana caic.um nuonae an intima ? 6 m i x , ure of particles having different tribe 

layers'on the botton, of the retaining vessel. ^ ZfrcJ^S'XS^^l for W de- 

EXAMPLE 5 velopment of electro-photographs, having the advantage 

TA . , 4 - ■* * _ * • 1 c of already being blended in the correct tribo-electric pro- 

It is known to cause precipitation of materials from ««*»^jr "e * 

solutions by adding to a true solution of the solute an- portions. 

other solvent in which the solute is less soluble than it (e) Manufacture of Printing Inks 

is in the first solvent; the size of the agglomerates is finer 65 _ . , 4 , . *. t. 

according to the slowness with which the second solvent ^ ^h^ end product from a precipitating process such as 
is added. A rapid addition of the second solvent causes heretofore described may be arranged to be of suitable 
the formation of large agglomerates in some cases, de- composition to be used as printing ink. For example, 
-pending on the difference in the solubilities of the two ^e components of the ink may be pigment, such as car- 
solvents. In the present invention this effect can be -60 bon black, hthographic varnish, paraffin wax, lead and 
utilised and added to by the addition of a triggering agent. manganese napthenates, and the like, which l would nor- 
For example, gum dammar dissolves readily in toluene mally be milled together in a ball, mill or the like an a 
and when petroleum naptha is added, containing as it very viscous condition: m this invention the components 
does a high proportion of aliphatic hydrocarbons, ag- . would be mi led m the easily mixed flui d condition with 
glomeration of the gum dammar occurs. Precipitation is 65 plenty of solvent and then precipitated with a suitable 
increased by the addition of an' inorganic powder or component which may-m some cases be one of those 
electric charges. already stated suchjs^^^wax. 

As. stated earlier, the invention can be applied to the We claim: , - - . 
treatment of many materials with a large number of LA method of forming a developer for an electro- 
precipitating substances, but some specific applications 70 static image which comprises placing pigment particles 
which will serve to illustrate the invention now follow: . having a determinable electrostatic charge into an elec- 

trically insulating liquid and adding to the liquid further 
(a) Removal of Pigments and the Like From Paint pigment particles having an electrostatic charge of op- 
The invention has application to the removal of pig- posite polarity and different magnitude relative to the 
ments and the like from colloidal or near colloidal 75 first said charge, the proportions of said particles in the 
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liquid being such as to 'enable the formation of .particle 
aggregates of relatively reduced charge so thatrthe irom-- 
' ber of particles required to satisfy the. charge of the : elec- 
trostatic image is increased beyond the number which 
would be required of the individual particles. 

2. A method as defined in claim. 1 comprising forming 
a solution of the first said particles and adding an alkyd 
resin to said solution to control the electrical charge of 
the first said particles. . . 



8 



References Cited in the file of this patent 

' united' states patents " . '. 

. i;i77 1 554 Bloom— Afay 10, 1921 
; 1,958,406 * Darrah _i r _ May 15, 1934 

. OTHER REFERENCES 

^Bancroft: Applied GoUoid Chemistryi 2nd ed;, 1926 
Mc'Qraw-Hill, New York, pp. 306^317. .;■ : \ ' 





